Radiolarians occur in sediments from all northwest Pacific sites drilled on DSDP Leg 86. The oldest radiolarianbearing sediment was recovered at Site 581, where middle Miocene radiolarians were found. Site 578 recovered late Miocene through Pleistocene radiolarians, while an early Pliocene through Pleistocene radiolarian assemblage was present in sediments at Sites 577 and 579. Site 580 contained radiolarians ranging in age from late Pliocene to Pleistocene. Only Pleistocene radiolarians were preserved in sediments from Site 576.
INTRODUCTION
Deep Sea Drilling Project (DSDP) Leg 86 drilled 11 holes at six sites in the northwest Pacific (Table 1 , Fig.  1 ). The six sites were positioned so that the radiolarians preserved in the sediments from these sites reflected Miocene through Pleistocene conditions in the northwest Pacific along a transect across the Subarctic Convergence, with its end members centered in the southern subarctic gyre and the central subtropical gyre.
Although investigators (Kling, 1971; Ling, 1973; Foreman, 1973a; Foreman, 1975; Ling, 1980; Sakai, 1980; Reynolds, 1980; Schaaf, 1981) have reported on radiolarians in sediments from earlier northwest Pacific DSDP Legs (6, 19, 20, 32, 55, 56, 57, and 62) , the sites drilled during Leg 86 represent the first time that sediments from this region have been recovered using the hydraulic piston corer. This technique was utilized at all sites except Site 581, where sediments were recovered using the rotary drill. The relatively undisturbed sediment sequences from these various sites provide a rigorous test of the siliceous faunal biostratigraphy for the North Pacific first proposed by Hays (1970) and then modified by Foreman (1975) .
Radiolarians occur at all sites drilled on Leg 86. At Site 581, radiolarians range in age from middle Miocene to Pleistocene. Site 578 contains radiolarians characteristic of the late Miocene through Pleistocene. Radiolarians of early Pliocene to Pleistocene age are present at Sites 577 and 579. A late Pliocene to Pleistocene radiolarian assemblage is found in sediments at Site 580. Radiolarians at Site 576 are limited to the Pleistocene. PROCEDURES AND ANALYSES Up to three samples were taken per core for biostratigraphic analysis. After disaggregation, the sample was sieved at 63 µm. The coarse fraction from sediments at Sites 576 and 577 was strewn on slides. The greater than 63 µm fraction from Sites 578, 579, 580, and 581 was randomly settled onto slides following the technique described by Moore (1973) .
Radiolarian preservation is indicated for samples taken at Sites 577 through 581 (Tables 2-6) with abbreviations defined as follows: G (good), signifying that more than half of the specimens are unbroken with minimal dissolution; M (moderate), denoting breakage in more than half the specimens and/or some degree of dissolution; and P (poor), meaning that most specimens were fragmented and/or exhibited a high degree of dissolution. Because samples from Sites 578 through 581 were dried and weighed prior to disaggregation, and slides prepared using the random settling technique, it is possible to calculate the relative abundance of radiolarians per gram of sediment. The abundance values in Tables 3 through 6 are rounded to the nearest thousand radiolarians per gram.
The relative abundance of individual species given in Tables 2  through 6 is based on examination of a minimum of 500 radiolarians per sample with abbreviations defined as follows: r, very rare (0.01-0.10%); R, rare (0.11-1.0%); F, few (1.1-10.0%); C, common (10.1-30.0%); +, one or two specimens present; -, specimens sought but not found. 
BIOSTRATIGRAPHIC FRAMEWORK
The radiolarian zonation proposed by Foreman (1975) was applied to the radiolarian assemblage in the Pliocene through Pleistocene sediment sequence recovered during Leg 86. For the middle to late Miocene radiolarian sequences, the zonation defined by Riedel and Sanfilippo (1978) was appropriate for the radiolarian fauna present. The sites drilled on this leg spanned a wide geographic area of the northwest Pacific, sampling a subtropical to subarctic fauna. Even so, this stratigraphic zonation, with its various datum levels, was easily applied to the sediment sequence from each hole, providing a uniform biostratigraphic framework. The definitions of these zones are as follows: Botryostrobus aquilonaris Zone, Hays, 1970 The base is defined by the presence of Botryostrobus aquilonaris {-Eucyrtidium tumidulum of Hays, 1970; = Artostrobium miralestense of Kung, 1973; = Artostrobium tumidulum of Foreman, 197:5) and the absence of Stylatractus universus ( = Axoprunum angelium of Foreman, 1975) . The age of the base of this zone is 0.425 m.y. based on the estimated age of the upper limit of Stylatractus universus (Hays and Shackleton, 1976; Morley and Shackleton, 1978) . Stylatractus universus Zone, Hays, 1970 The base of this zone is defined by the extinction of Eucyrtidium matuyamai and the top by the upper limit of Stylatractus universus. The age range of this zone is from 0.97 to 0.425 m.y. Eucyrtidium matuyamai Zone, Hays, 1970 , emend. Foreman, 1973a This zone is defined by the range of Eucyrtidium matuyamai and spans the period from 1.88 to 0.97 m.y. Lamprocyrtis heteroporos Zone, Hays, 1970 , emend. Foreman, 1975 The base of this zone is marked by the extinction of Stichocorys peregrina, and the top is defined by the earliest evolutionary appearance of Eucyrtidium matuyamai. The zone ranges in age from 2.85 to 1.88 m.y. Sphaeropyle langii Zone, Foreman, 1975 The base is defined as the first morphological appearance of Sphaeropyle langii, and the top is marked by the upper limit of Stichocorys peregrina. The age range of this zone is from 4.40 to 2.85 m.y.
Stichocorys peregrina Zone, Riedel and Sanfilippo, 1970, emend. Foreman, 1975 The base is defined by the first evolutionary appearance of Stichocorys peregrina and the top by the earliest morphological appearance of Sphaeropyle langii. This zone spans the time interval from 6.20 to 4.40 m.y. Didymocyrtis penultima Zone, Riedel and Sanfilippo, 1970 The base is defined by the first evolutionary appearance of Didymocyrtis penultima (= Ommatartus penultimus of Riedel and Sanfilippo, 1970) and the top by the first evolutionary appearance of Stichocorys peregrina. The age range of this zone is from 7.90 to 6.20 m.y. Didymocyrtis antepenultima Zone, Riedel and Sanfilippo, 1970, emend. Riedel and Sanfilippo, 1978 The base of this zone is defined by the earliest evolutionary appearance of Didymocyrtis antepenultima (= Ommatartus antepenultimus of Riedel and Sanfilippo, 1970) , and the top is marked by the first evolutionary appearance of Didymocyrtis penultima. This zone spans the time interval from 10.80 to 7.90 m.y. Diartus petterssoni Zone, Riedel and Sanfilippo, 1970, emend. Riedel and Sanfilippo, 1978 The base of this zone is marked by the earliest morphologic appearance of Diartus petterssoni (= Cannartus petterssoni of Riedel and Sanfilippo, 1970) . The top of this zone is defined by the first evolutionary appearance of Didymocyrtis antepenultima. The age range of this zone is from 12.50 to 10.80 m.y. Dorcadospyris alata Zone, Riedel and Sanfilippo, 1970, emend. Riedel and Sanfilippo, 1971 The base of this zone is marked by the first evolutionary appearance of Dorcadospyris alata, and the top is delineated by the earliest morphologic appearance of Diartus petterssoni. This zone spans the time interval from 15.25 to 12.50 m.y.
RADIOLARIAN SITE SUMMARIES Site 576
At Site 576, located between the Shatsky Rise and Emperor Seamounts, sediments from three holes (576, 576A, 576B) were recovered using the hydraulic piston corer. Moderately well-preserved late Pleistocene radiolarians are present in the upper few meters of the pelagic clay sequence. The topmost sediments in each of the three holes contain a fauna characteristic of the Botryostrobus aquilonaris Zone, with fauna in the underlying sediments in Core 1 belonging to the Stylatractus universus Zone. Although radiolarians are present in Core 2 from all three holes, the low abundance and poor preservation prevented precise age determination. Radiolarians were absent from sediments in all three holes below Core 2 except for Hole 576 which contained traces of a Pleistocene(?) fauna in Core 3 (Sample 576-3,CC) and an Upper Cretaceous(?) fauna in a thin calcareous sequence in Core 8 (Sample 576-8,CC).
Site 577
The three holes (577, 577A, 577B) drilled at Site 577 sampled a calcareous sequence on the western flank of the Shatsky Rise. Radiolarians are present in only the first six cores from Holes 577 ( Table 2 ) and 577A. The well-preserved fauna in the uppermost sediments from Core 1 is representative of the late Pleistocene Botryostrobus aquilonaris Zone. The remainder of Core 1 contains a fauna characteristic of the Stylatractus universus Zone. Core 2 through the middle of Core 3 contains good to poorly preserved early Pleistocene radiolarians of the Eucyrtidium matuyamai Zone. Some difficulty was encountered in locating the base of this zone in Holes 577 and 577A because of the very low abundance of E. matuyamai in Core 3. Radiolarians are moderately to poorly preserved in Cores 4 through 6. Late Pliocene radiolarians of the Lamprocyrtis heteroporos Zone are present in sediments from the lower portion of Core 3 through the upper half of Core 4. The remainder of Core 4 through Core 5 contains middle Pliocene radiolarians belonging to the Sphaeropyle langii Zone, with the early Pliocene fauna in Core 6 characteristic of the Stichocorys peregrina Zone.
Site 578
Hole 578, located west of the Shatsky Rise, sampled a thick pelagic clay sequence overlying Cretaceous chert and chalk. The gray to brown clays in the upper 120 m of sediment (Cores 1-14) contain radiolarians (Table 3) . Radiolarians are not present in the dark brown clays and chert in Cores 15 through 20.
Preservation of the Pleistocene radiolarians in the uppermost sediments from the first eight cores varies from good to poor. Fauna characteristic of the Botryostrobus aquilonaris Zone is present in sediments from the tops of Cores 1 through 3, with the latest occurrence of Stylatractus universus in Sample 578-3-2, 50-51 cm, marking the bottom of this zone (level of datum based on more extensive sampling than shown in Table 3 ). The remainder of Core 3 and the uppermost sediments in Cores 4 and 5 contain radiolarians representative of the S. universus Zone. The presence of Eucyrtidium matuyamai in sediments at the tops of Cores 6, 7, and 8 indicates that the fauna in these sediments is early Pleistocene in age, belonging to the E. matuyamai Zone.
The fauna in the remainder of Core 8 is characteristic of the late Pliocene Lamprocyrtis heteroporos Zone. The top of the Sphaeropyle langii Zone is located between Samples 578-8,CC and 578-10-1, 10-11 cm, as marked by the latest occurrence of Stichocorys peregrina. The boundary between early and late Pliocene, defined by the upper limit of S. delmontensis, occurs within Core 10, with the remainder of Core 11 and the top of Core 12 containing fauna indicative of the middle to lower Sphaeropyle langii Zone. Although not delineated by any siliceous faunal marker, the magnetostratigraphy shows that the Miocene/Pliocene boundary occurs near the base of Core 12 (see Site 578 chapter, this volume). Late Miocene radiolarians representative of the Stichocorys peregrina Zone are present in sediments from Core 13 and the top of Core 14.
Site 579
Located at the southern limit of the transition zone between subtropical and subarctic gyres, Site 579 contains radiolarians throughout its 150 m of siliceous clays and oozes (Table 4) . Radiolarians are well to moderately preserved in late Pliocene through Pleistocene sediments and moderately to poorly preserved in early Pliocene sediments.
The fauna in Hole 579 and in the uppermost sediment from Core 1 in Hole 579A is indicative of the Botryostrobus aquilonaris Zone. The top of the Stylatractus universus Zone, as marked by the upper limit of S. universus, occurs between Samples 579A-1-3, 145-147 cm and 579A-1-4, 5-7 cm (based on more extensive sampling than shown in Table 4 ). Radiolarians present in sediments from Core 2 from Hole 579A are also representative of this zone. The Eucyrtidium matuyamai Zone extends from the lower portion of Core 3 through at least the bottom of Core 5 based on the occurrence of E. matuyamai throughout this sediment sequence. Sediments in Cores 6 through 8 from Hole 579A contain a radiolarian fauna characteristic of the Lamprocyrtis heteroporos Zone, with the bottom of this zone marked by the latest occurrence of Stichocorys peregrina located between Samples 579A-8,CC (25-27 cm) and 579A-9,CC (5-7 cm). The upper limit of S. delmontensis occurs between Samples 579A-10,CC (15-17 cm) and 579A-11,CC (5-7 cm), indicating that the boundary between early and late Pliocene is located within Core 11. Radiolarians in sediments in Cores 9 through 12 from Hole 579A are representative of the Sphaeropyle langii Zone, while Cores 13 through 15 from Hole 579A contain an early Pliocene radiolarian fauna belonging to the Stichocorys peregrina Zone.
Site 580
At Site 580, located near the present-day subarctic front, sediments were recovered to a sub-bottom depth of 155 m. The radiolarians that are present throughout the siliceous clay to clayey diatom ooze sediment sequence are well to moderately preserved (Table 5) .
The first three cores contain a late Pleistocene radiolarian fauna representative of the Botryostrobus aquilonaris Zone. Examination of closely spaced samples from Cores 4 through 7 (not all shown in 
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Site 581
Site 581 was selected to sample siliceous sediments in a high-deposition subarctic setting. Radiolarians with various states of preservation are preserved in Neogene and Quaternary siliceous clay sediments from this site ( Table 6 ).
The echo character of the seismic profiles from this site suggests that the uppermost sediment may represent a debris-flow deposit. Although a mixed fauna was not detected in Core 1 collected at the mudline, the radiolarians present throughout this core are characteristic of the Stylatractus universus Zone, indicating that either latest Pleistocene sediments containing fauna of the Botryostrobus aquilonaris Zone were not deposited at this site or these younger sediments were reworked into older late Pleistocene sediments as a result of some bottom-current process. Because of the overall high Neogene and Quaternary siliceous sedimentation rates and the nature of the seismic profiles at this site, the latter hypothesis appears more plausible. Because of time constraints no sediment was recovered from approximately the next 181m of sediment. Continuous rotary drilling commenced at a sub-bottom depth of 181.5 m. Fauna in the uppermost sediments from Core 2 (Sample 581-2-1, 10-12 cm) is representative of the early Pliocene marked by the presence of Stichocorys delmontensis and Sphaeropyle langii. Likewise, the radiolarians present in the remainder of Core 2 are characteristic of the early Pliocene S. langii Zone. The sediment sequence from Core 3 through the top of Core 5 contains a fauna characteristic of the Stichocorys peregrina Zone. The fauna in the remainder of Core 5 through the top of Core 6 is representative of the Didymocyrtis penultima Zone. The Didymocyrtis antepenultima Zone extends throughout most of Core 6 into the upper portion of Core 7, with the radiolarians in the remainder of Core 7 into the top of Core 8 indicative of the Diartus petterssoni Zone. The fauna in most of Core 8 and in that portion of Core 9 where radiolarians are present is characteristic of the Dorcadospyris alata Zone.
STRATIGRAPHIC AND GEOGRAPHIC
RADIOLARIAN RANGES A complete stratigraphic range chart for selected Neogene and Quaternary radiolarians in sediments from Sites 577 through 581 is shown in Figure 2 . The high recovery rate and quality of radiolarian preservation at the various sites drilled during Leg 86 make it possible to examine various biostratigraphic datum levels across a broad latitudinal band (~ 12°). These analyses are summarized as follows:
1. The last abundant appearance of Lychnocanoma grande occurs near the top of the Botryostrobus aquilonaris Zone. Analyses of the correlation of this datum level with the relative abundance pattern of Cycladophora davisiana at closely spaced sample intervals at Sites 579 and 580 (not all shown in Tables 4 and 5) shows that this event is synchronous in this region.
2. Correlation of the latest occurrence of Druppatractus acquilonius with the relative abundance pattern of C. davisiana at closely spaced sample intervals at Sites 579 and 580 (not all shown in Tables 4 and 5) indicates that this datum is synchronous in this region, occurring just above the base of the B. aquilonaris Zone.
3. Based on correlation with the relative abundance pattern of C. davisiana and specific ash layers in sediments from Sites 579 and 580 (not all samples shown in Tables 4 and 5), the latest occurrence of Stylatractus universus appears to be synchronous throughout the region, confirming the results reported by Hays and Shackleton (1976) and Morley and Shackleton (1978) .
4. Examination at closely spaced sample intervals at Sites 579 and 580 (not all shown in Tables 4 and 5) indicates that the latest occurrence of Eucyrtidium matuyamai occurs just above the base of the Jaramillo Subchronozone. Although samples were not taken at close intervals at Sites 577 or 578, the preliminary findings from these sites are in agreement with those from Sites 579 and 580, indicating that this event is synchronous throughout the northwest Pacific.
5. Because of the scarcity of E. matuyamai and close morphological characteristics to E. calvertense at the time of its first appearance, it is difficult to define the first occurrence of E. matuyamai as precisely as the previous four biostratigraphic markers. Detailed analyses at Sites 579 and 580 (not all samples shown in Tables 4 and 5) , however, indicate that this datum level occurs within the Olduvai Subchronozone, which is in agreement with the previous findings of Hays (1970) and Kellogg and Hays (1975) . Preliminary analyses of this species throughout its range indicate that the mean shell width of this assemblage is smallest in the southernmost site (Site 578) and largest in the northernmost site (Site 580). Hays (1970) first suggested that such a trend existed from his analyses of samples from several lower-sedimentationrate cores in the North Pacific.
6. Pterocanium prismatium was present in samples from Holes 577, 578, and 580. The latest occurrence of JR prismatium in Hole 577 is located between Samples 577-3-4, 67-68 cm and 577-3,CC. The Pliocene/Pleisto- cene boundary based on magnetostratigraphy occurs in the middle of Core 3. At Site 578, the latest occurrence of P. prismatium is positioned less than a meter above the top of the Olduvai Subchronozone (Pliocene/Pleistocene boundary). This biostratigraphic marker occurs between Samples 580-9,CC (35-37 cm) and 58O-1O,CC (35-37 cm) in sediments from Hole 580, with the Olduvai Subchronozone spanning the lower 6 m of Core 10 through the top meter of Core 11. These data show that P. prismatium ranges as far north as 42 °N latitude in the Pacific and that although very rare in abundance, its upper limit occurs near the Pliocene/Pleistocene boundary based on magnetostratigraphy. 7. At most sites drilled on Leg 86, the latest occurrence of Lamprocyrtis heteroporos was recorded near the top of the early Pleistocene Eucyrtidium matuyamai Zone.
8. Based on examination of samples at closely spaced intervals at Sites 579 and 580 (not all shown in Tables 4  and 5 ), the first occurrence of Cycladophora davisiana occurs in the upper Gauss Chronozone near the base of the Lamprocyrtis heteroporos Zone approximately 2.7 m.y. ago.
9. Preliminary analyses indicate that Lamprocyrtis neoheteroporos ranges from the upper third of the L. heteroporos Zone through the lower two-fifths of the Stylatractus universus Zone. A similar range for this species in sediments from this region was reported by Foreman (1975) .
10. At the sites where Theocorythium trachelium trachelium was present in high enough abundances (Sites 577, 578, 579), the first occurrence of this species was detected at or near the base of the L. heteroporos Zone, which is in agreement with analyses reported by Foreman (1975) .
11. The latest occurrence of Stichocorys peregrina was well documented in sediment sequences from all sites drilled during Leg 86 except Site 576 where radiolarians were not present in sediments older than Pleistocene. This event serves as an easily recognizable boundary between the bottom of the Lamprocyrtis heteroporos Zone and the top of the Sphaeropyle langii Zone throughout the northwest Pacific.
12. The latest occurrence of Stichocorys delmontensis coincides with both the Gilbert/Gauss magnetic polarity boundary and the early /late Pliocene boundary. This event is easily identified in samples from sites drilled on Leg 86 which contained siliceous sediments of this age (Sites 577, 578, 579).
13. The first occurrence of Lamprocyrtis heteroporos occurs near the base of the Sphaeropyle langii Zone.
14. Although the first occurrence of Sphaeropyle langii as registered in sediments from Sites 577, 578, 579, and 581 assisted in defining the top of the Stichocorys peregrina Zone, it was difficult at times to distinguish this species from others, such as Sphaeropyle robusta. The low abundance of this species in some samples made it difficult to identify the boundary between the Stichocorys peregrina Zone and the Sphaeropyle langii Zone.
15. At Site 581, the range of Didymocyrtis penultima was used to delineate the D. penultima Zone.
16. The range of D. antepenultima was used to define the D. antepenultima Zone at Site 581.
17. At Site 581, the ranges of Diartuspetterssoni and Didymocyrtis laticonus were used to define the Diartus petterssoni Zone.
18. Preliminary analyses of samples from Site 581 indicate that the latest occurrence of Cyrtocapsella japonica occurred somewhere within the Diartus petterssoni Zone. This agrees with results from DSDP sites near Japan reported by Sakai (1980) . 19. Results from Site 581 agree with that reported by Sakai (1980) , placing the latest occurrence of C. tetrapera and C. cornuta in the upper half of the Dorcadospyris alata Zone.
PALEOCEANOGRAPHY
One of the major objectives of Leg 86 was to determine whether the initiation of significant biosiliceous accumulation in the Neogene was synchronous or transitional at the four sites roughly aligned along a northsouth transect (Sites 578, 579, 580, and 581) in the northwest Pacific. Although the hydraulic piston core did not penetrate deep enough to recover sediments recording this event at Sites 579 and 580, the onset of biosiliceous sedimentation in the northwest Pacific was recovered in sediments at the southernmost (Site 578) and northernmost (Site 581) sites. At Site 578, biosiliceous sedimentation commenced in the late Miocene with earliest radiolarian fauna characteristic of the Stichocorys peregrina Zone, whereas at Site 581, biosiliceous sedimentation began in the middle Miocene with the oldest Neogene radiolarians representative of the Dorcadospyris alata Zone. Therefore, the initiation of Miocene biosiliceous sedimentation in the northwest Pacific as recorded in sediments along this north-south transect marks the time when each specific site exited from the low-productivity central gyre and moved into the preexisting high-productivity belt at the gyre margins.
Within the period of biosiliceous sedimentation recorded in sediments from the northwest Pacific, a relative measure of radiolarian productivity can be acquired from calculations of the number of radiolarians per gram of sediment. This value was computed in samples from Sites 578, 579, 580, and 581 (Tables 3 through 6) . From comparison of these numbers in each of the holes, regional pulses and/or trends in radiolarian productivity can be detected. Specifically, Sites 579 and 580 record a nearly continuous increase in productivity through the early and middle portion of the late Pliocene coincident with the Gauss Chronozone. This trend toward increasing radiolarian productivity levels reaches a maximum early in the Matuyama Chronozone between 2.3 and 2.4 m.y. ago. Radiolarian productivity decreases from these high late Pliocene values, remaining relatively low throughout the early Pleistocene at Sites 578, 579, and 580. Late Pleistocene biosiliceous productivity is somewhat higher than that recorded for the early Pleistocene, with indications of minor productivity increases in the early, middle, and latest Pleistocene.
SYSTEMATICS
The classification scheme is adapted from Riedel and Sanfilippo (1977) with minor variations following Hays (1970) and Nigrini and Moore (1979) . Minimal synonomies of taxa are presented with restric-tion to original description and those that reflect current usage. Species arranged alphabetically by family. Actinomma medianum Nigrini, 1967, p. 27, pl. 2, figs. 2a, 2b; 1970, p. 167, pl. 1, fig. 10; Nigrini and Moore, 1979, p. S31, pl. 3, figs. 5, 6 .
Subclass

Genus DRUPPATRACTUS Haeckel 1887
Druppatractus acquilonius Hays (Plate 4, Figs. 1A, IB) Druppatractus acquilonius Hays, 1970, p. 214, pl. 1, figs. 4, 5 . Stylacontarium acquilonium (Hays) , Kling, 1973, p. 634, pl. 1, figs. 17-20, pl. 14, figs. 1-4; Ling, 1973, p. 777, pl. 1, figs. 6, 7 . Remarks: Although most recent studies place this species in the genus Stylacontarium, this chapter used the original genus description given by Hays.
Genus SPHAEROPYLE Dreyer 1889
Sphaeropyle langii Dreyer (Plate 5, Figs. 3A, 3B) Sphaeropyle langii Dreyer, 1889, p. 13, pl. 4, fig. 54; Kling, 1973, p. 634, pl. 1, figs. 5-10, pl. 13, figs. 6-8; Foreman, 1975, p. 618, pl. 9, figs. 30, 31 .
Sphaeropyle robusta Kling emend. Foreman (Plate 5, Figs. 4A, 4B)
Sphaeropyle robusta Kling, 1973, p. 634, pl. 1, fig. 12, pl. 6, figs. 6-13; Foreman, 1975, p. 618, pl. 9, figs. 24-26 .
Genus STYLATRACTUS Haeckel 1887
Stylatractus universus Hays (Plate 4, Figs. 2A, 2B) Stylatractus sp. Hays, 1965, p. 167, pl. I, fig. 6 . Stylatractus universus Hays, 1970, p. 215, pl. 1, figs 1, 2; Kling, 1971 Kling, , p. 1086 . Axoprunum angelinum (Campbell and Clark) , Kling, 1973, p. 634, pl. 1, figs. 14-17; Ling, 1973, p. 777, pl. 1, figs. 1-4; Foreman, 1975, p. 618, pl. 9, figs. 28, 29; Sakai, 1980, p. 704, pl. 2, figs, la, lb Ommatocampe hughesi Campbell and Clark, 1944, p. 23, pl. 3, fig. 12 . Ommatartus hughesi (Campbell and Clark) , Riedel and Sanfilippo, 1970, p. 521; Kling, 1973, p. 634, pl. 7, fig. 6; Foreman, 1975, p. 619, pl. 8, fig. 3; Sakai, 1980, p. 708, pl. 4, figs. 3a, 3b . Diartus hughesi (Campbell and Clark) , Riedel, 1980, p. 1010, pl. 1, fig. i .
Diartus petterssoni (Riedel and Sanfilippo) (Plate 8, Figs. 4A, 4B)
Cannartusf?) petterssoni Riedel and Sanfilippo, 1970, p. 520, pl. 14, fig. 3; Kling, 1973, p. 634, pl. 7, fig. 8; Sakai, 1980, p. 705, pl. 4, figs. 4a, 4b, 6a, 6b, 7a, 7b .
Diartus petterssoni (Riedel and Sanfilippo) , Riedel, 1980, p. 1010, pl . 1, fig. h .
Genus DIDYMOCYRTIS Haeckel 1860
Didymocyrtis antepenultima (Riedel and Sanfilippo) (Plate 8, Fig. 2) Ommatartus antepenultimus Riedel and Sanfilippo, 1970, p. 521, pl. 14, fig. 14; Westberg and Riedel, 1978, p. 22, pl. 2, figs. 4, 5; Sakai, 1980, p. 708, pl. 3, figs. 3a, 3b . Didymocyrtis antepenultima (Riedel and Sanfilippo) , Riedel, 1980, p. 1010 .
Didymocyrtis laticonus (Riedel) (Plate 8, Fig. 5 )
Cannartus laticonus Riedel, 1959, p. 291, pl. 1, fig. 5; Westberg and Riedel, 1978, p. 20, pl. 2, figs. 1-3 . Didymocyrtis laticonus (Riedel) , Riedel, 1980, p. 1010, pl. 1, fig. e .
Didymocyrtis penultima (Riedel) (Plate 8, Fig. 1 )
Panarium penultimum Riedel, 1957, p. 76, pl . 1, fig. 1 Ommartartus penultimus (Riedel) , Westberg and Riedel, 1978, p. 22, pl. 2, figs. 6-8; Sakai, 1980, p. 708, pl. 3, figs. 3a, 3b, 4a, 4b, 5a, 5b . Didymocyrtis penultima (Riedel) , Riedel, 1980, p. 1010 Panartus tetrathalamus Haeckel, 1887, p. 378, pl. 40, fig. 3 . Ommatartus tetrathalamus (Haeckel) , Riedel and Sanfilippo, 1971, p. 1588, pl. 1C, figs. 5-7; Sakai, 1980, p. 708, pl. 3 , figs, la, lb. Didymocyrtis tetrathalamus (Haeckel) , Riedel, 1980, p. 1010, pl. 1, fig. g .
SubfamUy SATURNALINAE Deflandre 1953 Genus SATURN AUS Haeckel 1881, emend. Nigrini 1967
Saturnalis circularis Haeckel (Plate 3, Fig. 1 ) Haeckel, 1887, p. 131; Nigrini, 1967, p. 24, pl. 1, fig. 9; Kling, 1973, p. 634, pl. 1, figs. 21-25, pl. 7, figs. 1-5; Ling, 1973, p. 777, pl. 1, fig. 5; Sakai, 1980, p. 709, pl. 6, fig. 14.
Saturnalis circularis
Family LITHELIIDAE Haeckel 1862 Genus LARCOSPIRA Haeckel 1887
Larcospira quadrangula Haeckel (Plate 3, Fig. 9 ) Larcospira quadrangula Haeckel, 1887, p. 696, pl. 49, fig. 3; Benson, 1966, p. 266, pl. 18, figs. 7, 8; Nigrini and Moore, 1979, p Fig. 8 )
Heliodiscus asteriscus Haeckel, 1887, p. 445, pl. 33, fig. 8; Nigrini, 1967, p. 32. pl. 3, figs, la, lb; Nigrini and Moore, 1979, p. S73, pl. 9 Euchitonia elegans (Ehrenberg), Nigrini, 1967, p. 39, pl. 4, figs. 2a, 2b; Nigrini and Moore, 1979, p. S83, pl. 11, figs, la, lb. Euchitonia furcata Ehrenberg, 1872a, p. 289, pl. IV, fig. 6; Anikouchine, 1967, p. 1484, pl. 189, figs. 1, 2, 5-7, pl. 190, figs. 1, 2, 5-7; Nigrini and Moore, 1979, p. S85, pl. 11, figs. 2a, 2b . Remarks: Most specimens present were Euchitonia furcata, with only very rare occurrences of Euchitonia elegans.
Genus SPONGASTER Ehrenberg 1860, emend. Riedel and Sanfilippo, 1971 Spongaster tetras irregularis Nigrini (Plate 3, Fig. 5) Spongaster tetras irregularis Nigrini, 1967, p. 43, pl. 5, fig. 2; Foreman, 1975, p. 619, pl. 9, fig. 27; Sakai, 1980, p. 709, pl. 6 Spongocore puella Haeckel, 1887, p. 347, pl. 48, fig. 6; Benson, 1964, pl. 1, fig. 21; Kling, 1973, p. 635, pl. 7, figs. 18-22; Nigrini and Moore, 1979, p. S69, pl. 8, figs. 5a-5c .
Genus SPONGURUS Haeckel 1860
Spongurus pylomaticus Riedel (Plate 2, Fig. 4) Spongurus pylomaticus Riedel, 1958, p. 226, pl. 1, figs. 10, 11; Petrushevskaya, 1967 Petrushevskaya, , p. 32, figs. 161, 1611 Nigrini and Moore, 1979, p. S65, pl. 8, figs. 3a, 3b. Spongurusf?) pylomaticus Riedel, Petrushevskaya, 1975, p. 577, pl. 7, fig. 4, pl. 37, fig. 7 .
ORDER NASSELLARIA Ehrenberg 1875 Suborder CYRTIDA Haeckel 1862 , emend. Petrushevskaya 1971 Family ARTOSTROBIIDAE Riedel 1967a , emend. Foreman 1973b Genus BOTRYOSTROBUS Haeckel 1887 , emend. Nigrini 1977 Botryostrobus aquilonaris (Bailey) (Plate 1, Fig. 1 )
Eucyrtidium aquilonaris Bailey, 1856, p. 4, pl. 1, fig. 9 . Eucyrtidium tumidulum Bailey(?), Kling, 1971, pl. 1, fig. 2 . Botryostrobus aquilonaris (Bailey) , Nigrini, 1977, p. 246, pl. 1, fig. 1 ; Nigrini and Moore, 1979, p. N99, pl. 27, fig. 1 . Campbell 1951 , emend. Nigrini 1977 Phormostichoartus corbula (Harting) (Plate 3, Fig. 6 ) Lithocampe corbula Harting, 1863, p. 12, pl. 1, fig. 21 . Siphocampe corbula (Harting) , Nigrini, 1967, p. 85, pl. 8, fig. 5, pl. 9, fig. 3 .
Genus PHORMOSTICHOARTUS
Phormostichoartus corbula (Harting) , Nigrini, 1977, p. 252, pl. 1. fig. 10; Nigrini and Moore, 1979, p. N103, pl. 27, fig. Carpocanistrum spp.
(Plate 3, Fig. 7 )
Carpocanium petalospyris Benson, 1966, p. 434, pl. 29, figs. 9, 10, 25 . Carpocanium spp. Nigrini, 1970, p. 171, pl. 4, figs. 4-6 . Carpocanistrum spp. Riedel and Sanfilippo, 1971, p. 1596, pl. 1G, figs. 1-6, 8-13, pl. 2F, figs. 5, 6, pl. 3D, figs. 1, 2, 6, 7, 9; Nigrini and Moore, 1979, p. N23, pl. 21, figs, la-lc. Family PTEROCORYIDAE Haeckel 1881 , emend. Riedel 1967b Genus LAMPROCYCLAS Haeckel 1881, emend. Petrushevskaya and Kozlova, 1972 Lamprocyclas maritalis (Plate 3, Fig. 3 )
Lamprocyclas maritalis Haeckel, 1887 Haeckel, , p. 1390 . Lamprocyclas maritalis maritalis Haeckel, Nigrini, 1967, p. 74, pl. 7, fig. 5; Nigrini and Moore, 1979, p. N75, pl. 25, fig. 4 . Lamprocyclas maritalispolypora Nigrini, 1967. p. 76, pl. 7, fig. 6; Nigrini and Moore, 1979, p. N77, pl. 25, fig. 5 . Remarks: Counts of these two subspecies of Lamprocyclas maritalis {maritalis and polypora) were combined in this study.
Genus LAMPROCYRTIS Kling 1973
Lamprocyrtis heteroporos (Hays) (Plate 6, Figs. 3A, 3B)
Lamprocyclas heteroporos Hays, 1965, p. 179, pl. 3, fig. 1 . Lamprocyrtis heteroporos (Hays) , Kling, 1973, p. 639, pl. 5, figs. 19, 20; Foreman, 1975, p. 620, pl. 9, fig. 21; Sakai, 1980, p. 711, pl. 9 , figs. 9, 10, lla, lib.
Lamprocyrtis neoheteroporos Kling (Plate 6, Fig. 2) Lamprocyrtis neoheteroporos Kling, 1973, p. 639, pl. 5, figs. 17, 18, pl. 15, figs. 4, 5; Foreman, 1975, p. 620, pl. 9, fig. 12; Sakai, 1980, p. 711, pl. 9, figs. 9a, 9b .
Lamprocyrtis nigriniae (Caulet) (Plate 6, Fig. 1 ) Caulet, 1971, p. 3, pl. 3, figs. 1-4, pl. 4, figs. 1-4 . Lamprocyrtis haysi Kling, 1973, p. 639, pl. 5, figs. 15, 16, pl. 15, figs. 1-3; Foreman, 1975, p. 620, pl. 9, fig. 22; Sakai, 1980, p. 711, pl. 7, figs. 8a, 8b . Lamprocyrtis nigriniae (Caulet) , Nigrini and Moore, 1979, p. N81, pl. 25, fig. 7 .
Conarchnium nigriniae
Genus PTEROCORYS Haeckel 1881
Pterocorys zancleus (Müller) (Plate 3, Fig. 4) Eucyrtidium zanclaeum Müller, 1858, p. 41, pl. 6, figs. 1-3 . Theoconus zancleus (Müller) , Benson, 1966, p. 482, pl. 33, fig. 4; Kling, 1973, p. 639, pl. 5 , figs. 9-11. Pterocorys zancleus (Müller) , Nigrini and Moore, 1979, p. N89, pl. 25, figs, lla, lib.
Genus THEOCORYTHIUM Haeckel
Theocorythium trachelium dianae (Haeckel) (Plate 5, Fig. 1 )
Theocorys dianae Haeckel, 1887 Haeckel, , p. 1416 . Theocorythium trachelium dianae (Haeckel) , Nigrini, 1967, p. 77, pl. 8, figs, la, lb, pl. 9, figs, la, lb; Foreman, 1975, p. 620, pl. 9, fig. 13; Sakai, 1980, p. 711, pl. 10, figs, la, lb. 
